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Simple Summary: Melanoma is a deadly skin cancer thatis increasingin prevalenceyearly.
Although most patients with melanoma experience good outcomes, many still do not. Here, we use
publicly available gene sequencing data from a large cohort of patients with melanoma tobetter
understand how the “tumor immune microenvironment” (TIME) might influence disease
progression and response to therapies. We found that a subset of patients with tumors containinga
low lymphocyte:monocyteratioand high undifferentiated (M0)-macrophage content in the
locoregional tumor site have significantly decreased overall survival compared to other groups.
Additionally, this same group demonstrates lower predicted rates of response to immune
checkpoint blockade therapy and increased rates of metastasis compared tothe other groups in the
total cohort. Our study may provide a tool to help risk-stratify patients with melanoma, and may

lead to the identification of new therapeutic targets for these patients in the future.

Abstract: Background: Cutaneous melanoma (SKCM) is characterized by significant heterogeneity
in its molecular, genomic, and immunologic characteristics. Methods: Whole transcriptome
RNAseq data from The Cancer Genome Atlas of SKCM (n=328)was utilized. The immune
microenvironment was characterized using CIBERSORTx to identify immune cell type
composition. Unsupervised hierarchical clustering was performed based on immune cell type
content. Samples were separated into those obtained from the primary tumor siteand r egional skin
or soft tissue (locoregional), or distant metastasis and regional lymphnode (metastatic). Analysis of
overall survival (OS) was performed using Kaplan-Meier estimates and Cox-regression
multivariable analyses. Results: Four immune clusters wereidentified, largely defined by
lymphocyte:monocyte (L:M) ratio, monocyte-enrichment, and M0-macrophage-enrichment (L:Mtov,
Monocy teHigh, MOHigh; L:MLow, Monocy teMid, MOLew; L:MMid, Monocy tetow, MQLow; L:MHigh,
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Monocytelow, MQtow). The L:Mtow, Monocy tetigh, MOHigh cluster demonstrated significantly worse OS
than clusters 2-4 in the locoregional group (HR 2.804,95% CI 1.262-6.234, p=0.0114). Membership in
the L:Mtow, Monocytetigh, MOHigh cluster was an independently poor prognostic factor for survival
(HR 3.03,95% CI 1.12-8.20, p=0.029). The L:Mtow, Monocytetigh, MOHigh cluster correlated with
higher rates of metastasis and decreased predicted response to immune checkpoint blockade
compared to the other clusters as determined by the Tumor Immune Dysfunction and Exclusion
tool (TIDE). Conclusion: Distinct tumor immune clusters with a MO-macrophage-enriched, L:M
ratiolow phenotype in the locoregional melanoma tumor siteindependently characterizean

aggressive phenotypethat may differentially respond to treatment.

Keywords: Cutaneous Melanoma, Immunotherapy, Lymphocytes, Monocytes, Macrophages,
RNAseq, tumor immune microenvironment

1. Introduction

Melanoma is the most aggressive form of skin cancer known, and its incidence continues to rise [1,
2]. It is estimated that by theend of 2020, there willbe 100,350 new cases and 6,850 deaths as a
result of melanoma [3] Several factors have been demonstrated tobe predictive of poor prognosisin
patients with melanoma, including sex, age, ulceration, mitoticrate, and Breslow tumor thickness
[4-6].Fortunately, most patients who present at an early, locoregional stage are potentially curable.
On theother hand, patients who present with advanced melanoma havea poor prognosis, witha 5-
year survivalrateof 10% [7]. There remains a subset of patients, however, that present with
locoregional disease but still demonstratea poor overall survival due to recurrenceand disease
progression [4-7].For this reason, itis of paramount importance toidentify novel and effective

prognosticmarkers for patients with malignant melanoma.

It has become well-known inrecent years that inflammatory responses play key roles in the
pathways of tumor initiation, development, and progression [8, 9]. For this reason, hematologic
parameters of the inflammatory responsehaverecently become more well-studied, and have been
shown to demonstrate prognostic valuein various cancers [10,11]. These hematologic indices
include markers such as the C-reactive protein [11, 12], the platelet-to-lymphocyteratio[13,14], and
the neutrophil-to-lymphocyteratio [15-17]. However, given the limited prevalence of publicly
availablewhole transcriptome tumor sequencing data, thereis a paucity of data on inflammatory
parameters within the primary tumor, allowing for exploration of the tumor immune

microenvironment (TIME).

Recently, it has been found that a decreased ratio of peripheral lymphocyte-to-monocyteratiomay
be a poor prognosticindicator in various cancers [18-23]. The prognostic value of the lymphocyte-
to-monocyteratiomay be explained by the fact that lymphopenia is a surrogate marker of weak
immune response, whilean elevated monocyte count may stand as a surrogatemarker of high
tumor burden. Even more interestingly, it has previously been demonstrated that thisratiomay
predict immunotherapy response. Failing, et al. demonstrated in 2017 that a decreased lymphocyte-
to-macrophageratio (<1.7) in the peripheral blood may in fact predict a poor response to

pembrolizumab in metastatic melanoma patients [24].In this analysis, weleverage data from The
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Cancer Genome Atlas (TCGA) to explore the landscape of the TIME in melanoma as well as the
prognosticimpact of the lymphocyte-to-monocyteratioin whole-exome sequenced tumor

specimens, rather than in the peripheral blood, using bulk tumor sequencing data.

2. Methods:

2.1 Study Design:

We conducted a retrospective analysis of patients with histological diagnosis of Cutaneous
Melanoma (SKCM) in the TCGA database.Samples came from institutions across Australia, Brazil,
Canada, Georgia, Germany, Moldova, Romania, Russia, the United States, Vietnam, and Yemen.
Each patient with clinical and genomic data was independently reviewed by twoauthors (N.KJ
and MLE.). Since all data utilized areavailabletothe public, approval from the Institutional Review
Board (IRB) was not required for this analysis. All analyses were performed using the R software

for statistical computing (R Version 3.6.3, Vienna, Austria).

2.2 Clustering Based on Immune Cell Subpopulations

The CIBERSORT “insilico flow cytometry” tool was used to quantify the relativelevels of distinct
immune cell types in the TCGA SKCM dataset [25]. A mixturefile containing the RNA Seq by
Expression Maximization (RSEM) gene expression data from the samples in the TCGA SKCM
dataset was downloaded from the cBioPortal and formatted according to the guidelines outlined in
the CIBERSORT manual [26, 27]. The LM22 signature genes file was used as a reference point for
comparison.LM22 contains 547 genes that accurately distinguish 22 maturehuman hematopoietic
populations and activation states, includingseven T cell types, naive and memory B cells, plasma
cells, NK cells and myeloid subsets. The LM22 file was constructed from the gene expression
profiles of those cell types measured on Affy U133A/Plus2 and llumina Expression BeadChip
(HumanHT-12 v4) platforms. By default, CIBERSORT estimates therelative fraction of each cell
type in the sample, such that thesum of all relative fractions for each of the 22 cell subsetsisequal

to 1 for the sample.

The package “ComplexHeatmap” was downloaded from Bioconductor 28. Unsupervised
hierarchical clustering was performed by individual patient sample, using lymphocyteand
monocyte relativeinfiltration values, as well as ratios of macrophage subtypes to total macrophages
and lymphocytetomonocyte ratioas clustering criteria. Clustering was performed on bothx and y -
axes to distinguish high vs. low expression values of both clusters and cell types. The clustering
distance metric was set to maximum distancebetween rows, and the clustering method was the
Ward’s minimum variance. The dataset was divided into four clustersbased on the immune cell
subpopulation distribution. SampleIDs correspondingto each cluster were extracted for further

analysis.

2.3 Survival Analysis of Clusters

The primary outcomein our analysis was overall survival (OS), defined as thetime from pathologic
diagnosis to death or loss to follow -up, as defined by the TCGA study group. Details including
BRAF, NF1, RAS mutations, tumor mutational burden (TMB), % necrosis in the pathologic sample,

% tumor content, Breslow depth, occurrence of metastatic disease, age at diagnosis, lymphocyte
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score (a surrogate for distribution and density of lymphocyticinfiltratein the tumor sample),
timingand dose of therapies, including chemotherapies,immunotherapies, and radiation was
obtained from the “TCGAbiolinks” web tool (R Foundation for Statistical Computing Version3.6.2,
Vienna, Austria). Patients still alive were censored at the time of last follow up. Patients were
separated into two groups for Kaplan-Meier analysis: thosein whom the sample was taken from a
regional lymphnode or distant metastasis site (metastasis), compared with those for whom the
tumor was taken from the primary site or regional skin or soft tissue (locoregional). Each endpoint
was assessed using the Kaplan-Meier method, and survival curves were compared using the
Mantel-Cox log-rank test. Survival analysis was carried out using the survminer R package (R
Foundation for Statistical Computing Version 3.6.2, Vienna, Austria). Log-rank p-value and risk

tables aredisplayed on each chart.

2.4 Retrieving Raw Count Data

The “TCGAbiolinks” package was downloaded from Bioconductor [29-31]. The GDC query
function was used to retrievelllumina HiSeq RNA data from locoregional tumors in the TCGA
SKCM dataset and thedata was downloaded using the GDCdownload function. Raw count data
wasnormalized, and low count genes were filtered according to the default 25% quantileacross all
samples. The table of normalized and filtered raw count data was extracted for use in downstream

analysis.

2.5 Statistical Analysis

Clinical, pathologic and molecular characteristics were compared between clusters using statistical
methods in R using a chi-squaretest. The Kaplan Meier method was used to compare endpoints
across clusters with thelog-ranktest. To determine theinfluence of immunologic and
clinicopathologic covariates on OS, a multivariable Cox-regression analysis was performed.

Statistical significance was set at p<0.05.

2.6 Prediction of Immunotherapy Response — TIDE

Understanding the relevance of the immune composition of tumors to predicting response to
immune checkpoint blockade (ICB) is essential. However, most publicly available transcriptome
data does not have corresponding ICB treatment data. To overcome this limitation, the Tumor
Immune Dysfunction and Exclusion (TIDE) tool was utilized. TIDE is a web-based tool that uses a
gene expression signatureto predict response to ICB [32]. Z-scoretransformed whole transcriptome
(RSEM) data was downloaded from the cBio Portal and input into the tool. TIDE performance has
been validated on melanoma and NSCLC datasets, makingit an ideal choice for our study.Output
included response prediction, with lower TIDE score correspondingto better immunotherapy
response, and other gene signatures associated with immune dysfunction, including interferon
gamma response (IFNG), microsatelliteinstability (MSI), CD274 (T regulatory cell marker), and T
cell dysfunction.

3. Results:
3.1 TIME Clustering and Baseline Demographics:
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All patients with SKCM and availableclinical and sequencing data in the SKCM TCGA database (N
= 328) wereclustered based on relativeintratumoral lymphocyte, monocyte, MO-macrophage, M1-
macrophage, and M2-macrophage concentrations in each individual sample. The patients were
divided into four clusters:cluster 1 (N =85, 26%, lymphocyte:macrophage [L:M]Low, Monocy teHigh,
MOHigh), cluster 2 (N =116, 35%, L:Mtow, MonocyteMid, MOLow), cluster 3 (N =101, 31%, L:MMid,
Monocytelow, MQtow), cluster 4 (N =26, 8%, L:MHish, Monocytetew, MOLow). Full unsupervised
hierarchical clustering for 22 immune cell subsets can be visualized in Figure 1A. The absolute
immune cell infiltration in each cluster was determined by the CIBERSORT absoluteimmune score
output and displayed in Figure 1B. Pairwise t-tests were conducted to confirm significant
differences between cell types between clusters. All clusters demonstrated significantly different
levels of each type of immune cell infiltrate (p < 0.05). There wereno significant differences between
median age, gender, site of primary tumor, specimen site, or median follow up between clusters.

Full demographicinformation can be found in Table 1.

3.2 TIME Cluster Prognostic Effect

The median follow-up time for all patients was 40 months, and was not significantly different
across clusters (35, 34, 38, and 38 months for clusters 1-4respectively). The primary endpoint of the
study, OS, was analyzed for each cluster using Kaplan-Meier estimates and compared using the
log-ranktest. OS was 21.2 monthsin Cluster 1, 35.2 months in Cluster 2, 38.1 months in Cluster 3,
and 55.5 months in Cluster 4. Patients were separated into locoregional (sample curated from
primary tumor or regional skin or soft tissue) or metastatic (distant metastasis or regional lymph
node) collection site to understand whether the TIME of the locoregional sitemight guide tumor
behavior. There were no significant differences between clusters in themetastatic site cohort
(Figure 2A, Global p-value=0.85). The cluster with the poorest performancein the locoregional site
SKCM cohort was cluster 1, as demonstrated by pairwise comparisons, which expressed a L:MLov,

Monocytetigh, MOHigh phenotype (Figure 2B, Global p-value=0.03).

When stratifying patients by tumor specimen curated from a locoregional site vs. metastaticsite,
and grouping clusters to isolate the poorly -performing cluster 1, the metastatic group demonstrated
no significant difference between the L:M low, M0-enriched group (cluster 1) and the other clusters
in the analysis (Figure 3A, HR 0.9919,95% CI 0.6145-1.601, p = 0.974). However, when examining
only the locoregional samples, the L:M low, M0-enriched group (cluster 1) demonstrated
significantly poorer survival compared to the other groups (Figure 3B, HR 2.804,95% CI 1.262 -
6.234, p=0.0114). These resultsindicatea poorer OS in patients whohave locoregional tumors with

MO-macrophage-enriched and L:M low phenotype.

3.3 Multivariable Survival Analysis

After establishing that MO-macrophage-enriched, L:Mlow SKCM in the locoregional tumor site offers
the poorest prognosis of the immune subpopulations, a multivariable analysis was performed to
determine theindependent prognosticimpact of TIME clusters on OS in the entire cohort (Figure 4).
Only patients with complete clinical data were included in the multivariable analysis. Cluster 1
(cluster 4 was reference, HR 3.03,95% CI 1.12 — 8.20, p=0.029) was independently prognostic for the
endpoint of OS. Stage II disease (HR 11.89,95% CI 2.70 —52.30, p=0.001), Stage IlI disease (HR 31.41,
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95% CI 7.35 — 134.20, p<0.001), and Stage IV disease (HR 72.05, 95% CI 11.13 - 466.40, p<0.001) at
diagnosis also correlated with significantly worse prognosis in a predictable pattern when compared
to the reference Stage I, as did Breslow depth (HR 1.32 per mm increase, 95% CI 1.07 — 1.60, p=0.009).
BRAF V600K mutation status also trended toward poorer prognosis (HR 2.47,95% CI10.86 - 7.10, p =
0.093) but did not reach statistical significance.

3.4 TIDE ICB response, Clinical, and Molecular Characteristics

Finally, using the TIDE tool described in methods as well as clinical and molecular data collected by
the TCGA study group, we sought to characterize the poorly performing MO-macrophage-enriched,
L:M low cluster 1 by predicted response to ICB as well as known poor prognosticators and clinical
outcomes. Cluster one demonstrated increased rates of metastasis (51% vs. 40%, 41%, 42% for
clusters 2-4 respectively), decreased predicted response to immunotherapies (19% vs. 34%, 35%,
38% in clusters 2-4 respectively),increased rate of BRAF mutations (64% vs. 51%, 44%, 44% in
clusters 2-4 respectively), increased % necrosis in the pathologic tumor sample (5.8% vs.2.7%, 3.2%,
0.8% in clusters 2-4 respectively), increased median Breslow Depth (4.5mm vs.3mm, 3.2mm, 2.5mm
in clusters 2-4 respectively), and decreased lymphocytescore (a surrogate for distribution and
density of lymphocyticinfiltratein the tumor sample, 2.2 vs. 2.8, 3, 3.9 for clusters 2-4 respectively).
Notably, tumor mutational burden and tumor content were similar across clusters, and cluster 1
demonstrated few RAS mutations and a decreased microsatelliteinstability score when compared

to the other clusters. Full visualization of this data can be seen in Table 2.

4. Discussion:

With the prevalence of melanoma continuingto rise and the persistence of a subgroup of patients
that suffers poor prognosis despite appropriate therapies, it is of increasingimportance that novel
predictors of therapeuticresponseand therapeutictargets aredeveloped. In this analysis, we
explore the landscape of the TIME in melanoma, and identify unique clusters based on the
prevalence of lymphocytes and monocytes within the tumor samples. We demonstratethat alow
lymphocyte-to-monocyte (L:M) ratioin the locoregional tumor specimen with high M0-macrophage
enrichment confers worse prognosis in SKCM. Additionally, this group displays fewer predicted
responders to immunotherapy, concordant with results presented from analyses involving the
peripheral blood ratios [24]; poorly prognostic clinical characteristics (higher tumor mutational
burden and necrosis, lower lymphocytescore, higher percentage of BRAF mutants), and higher
rates of metastatic disease and recurrence. Together, these results suggest thatalarge
undifferentiated macrophage pool in the setting of low lymphocyticinfiltratein the locoregional
tumor site may serveto create a favorableenvironment for tumor progression. It is also possible
that undifferentiated macrophages exert an immunosuppressiveeffect on the tumor, leading to

poor lymphocyticinfiltration, and thus poorer OS.

Peripheral blood L:M ratiowas first found to be a prognostic factor in hematological malignancies
[33,34]. Subsequently, a higher L:M ratiohas been shown to be associated with improved OS in
over a dozen different solid tumors [35]. Most of these studies have been published since 2014,

highlighting therecent interest in the prognostic value of L:M ratioin this population. L:M ratio
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derived from primary or metastatic tumor sequencinghas yetbe to investigated, prior to this
analysis. The actual mechanisms of the relationship of low L:M ratioand poor outcome of cancer
patients areunclear. This association may be explained through tumor infiltratingimmune cells
which play a critical rolein suppression or enhancement of tumor growth. Tumor-infiltrating
lymphocytes (TILs) and tumor-associated macrophages (TAMs) are particularlyimportantimmune
cells found in tumor and have been found to be important prognostic factors in various cancers
[36].TILs arethought to be responsible for cellular as well as humoral antitumor immuneresponses
that contribute totumor control.Indeed, high numbers of TILs areassociated with improved
clinical outcomes [37-39].In addition, lymphopenia was previously found correlated to overall
survivalin prospectively collected series of patients with metastaticbreast cancer, non-Hodgkin
lymphoma, and soft tissue sarcoma [40]. A low lymphocyte count might resultin an inadequate
immune response in the control of tumor, which may help to explain why a low L:M ratio
correlated with poorer OS and increased rates of metastasis, necrosis, and Breslow depth at

diagnosis.

TAMs are regarded as key contributors to the crosstalkbetween tumor and stromal cells,
orchestratingkey events necessary for cancer progression including skewing adaptiveresponses,
cell growth, angiogenesis, and extracellular matrix remodeling — changes which alllead toa pre-
metastaticniche [41,42]. Further sub-classification of TAMs is necessary as their polarization
influences their behavior. At a basiclevel, macrophages are separated into the M1 subtypewhichis
pro-inflammatory, anti-fibroticand activated by LPS, TNF, and IFN-Y and the M2 subtypewhich s
anti-inflammatory, pro-fibrotic, and stimulated by IL4 and IL13 [43, 44]. Given the dynamicnature
of the tumor microenvironment and thenumerous stimuli within it [43], emerging classification
paradigms describe TAMs on a continuum of many subtypes or a mixed phenotype thatis
consistent with neither M1 nor M2 phenotypes [45]. Regardless of the phenotype, all TAMs

participatein some degree of immunosuppression [46].

In ovarian cancer and glioblastoma, transcriptomic profiling demonstrated that M0 macrophages
do not fit into the canonical M1 or M2 model, but M0 macrophages did havehigh expression of M2
markers,and a transcriptional profilemore similar to M2 macrophages [47,48]. Ultimately, MOs
may represent another typeof TAM or an incompletely differentiated M2 [47]. MO macrophages
were found tobe one of the cell subsets most strongly associated with poor outcome in breast
cancer [49], prostate cancer [50], and lung adenocarcinoma [51], whilereduced MO content has been
associated with better prognosis in bladder cancer [52].In a comprehensive analysis of digestive
system cancers, MO macrophages wereamong the most prevalentimmunecell fractions, with M0
enriched clusters associated with decreased recurrence-freesurvival (RFS) and worse prognostic
immune score [53].1t is possible that the presence of these tumor-promoting cells offered more
prognosticsignificance in the locoregional tumor sample in our study due to their promotion of
immunosuppression leading to aggressive phenotypeand a pre-metastaticniche, which translated
to poorer survival. In patients whohavealready metastasized, prognosis will likely already be
poorer, and the relativeintratumoral immune cell concentrations at these sites thereby offers little

in the way of stratifying prognosis.
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With the advent of pembrolizumab, nivolumab, and ipilimumab, the outlook of treatment of
advanced melanoma has improved significantly. Patients treated with pembrolizumabin the
KEYNOTE-001 study were found to have a median PFS of 4 months and a median OS of 23 months
[54]. However, these medications fail to induce a response in a subset of patients, they can cause
immune-related adverseevents, and they are quite expensive. Therefore, finding biomarkers to
help predict which patients aremore likely to benefit from treatment is animportant area of
investigation. Our study found that the cluster of patients with a decreased L:M ratio and M0-
macrophage enrichment demonstrated worse OS in thelocoregional tumor and in a multivariable
analysis accounting for other poor clinical prognostic factors, such as stage, Breslow depth, and
BRAF status. Monocytes arerecruited into tumors and promote tumor progression [55].
Interleukin-10is an immunosuppressive cytokine produced mainly by monocytes.In metastatic
melanoma, high interleukin-10levels were correlated with worsesurvival [56]. Treatment with
ipilimumab, nivolumab, or anipilimumab/nivolumab combination in patients caused significant
changes in gene expression in CD3+ T cells, but relatively fewer changes in monocytes [57]. These
properties of monocytes may explain our study’s finding of why patients with higher baseline M0
macrophage content (and therefore lower L:M ratio) demonstrated poor prognosis and fewer

predicted responders to immunotherapy.

Our analysisis a snapshot in time — reflecting when the tumor was resected and sequenced. As a
result, the dynamicinfluences on macrophage polarization and the changing tumor
microenvironment werenot captured. Additionally, bulk tumor specimen analysis does not capture
the immune contexturethat is critical tomacrophage behavior. Single cell approaches may address
some of these issues, however they havethe same temporal limitation, aresubject toa bias towards
more highly expressed genes, they require optimally preserved clinical specimens, and their high
cost limits profiling of large numbers of patients [58]. For these reasons, in a clinical decision-
making context, an exclusively single cell approachisnot feasible. Thus, itis important touse single
cell approaches to augment bulk tumor profiling from databases such as TCGA by validating
findings from larger scaleanalyses of bulk specimens. Although we acknowledge that thescope of
this study is limited to transcriptome data and that orthogonal studies of corresponding protein
expression patterns werenot feasible, transcriptome data has become increasingly relevant in the
era of molecular medicine. Finally, it will be interesting to examine the significance of the L:MULow,
MonocyteHigh, MOHigh cluster in a prospective manner based upon directly measured patient

responses to immunotherapy.

5. Conclusion:

In conclusion, our study has built on the previous literatureby characterizingimmune clusters
within SKCM. With this study wecharacterize theimmune microenvironment landscape of
melanoma asit relates to intratumoral lymphocyte and macrophage concentrations, and thereby
define a subset of patients with melanoma that display poorer overall outcomes, including
decreased OS and fewer ICB responders, based on locoregional tumor biopsy findings. This subset
of patients may benefit from more aggressivetreatment earlier in the disease course. Additionally,
we demonstratea technique to conduct a comprehensive bioinformatical analysis using publicly

availablewhole transcriptome sequencing data to characterize the tumor immune
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microenvironment in cutaneous melanoma and how it relates to clinical outcomes. These results
shed light on a potential risk stratification tool, and provide an impetus to further explore the TIME
of melanoma, especially as it relates to the locoregional tumor site, and how it may influence

disease progression and define novel therapeutic targets in the future.
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Figures and Tables:

Figure 1. Panel A. Heatmap detailing the immune microenvironment landscape of melanoma in
The Cancer Genome Atlas. Panel B. Bar plot representing the median absoluteimmune infiltration
separated by cell type and cluster as calculated by CIBERSORT.

Figure 2. Kaplan-Meier curves demonstrating the overall survival of all four clusters in The Cancer
Genome Atlas cutaneous melanoma cohort. Clusters are color coded, with a legend at the top of the
figure. Number at risk at various time points is displayed at the bottom of the figures. Panel A.
Kaplan-Meier curve demonstrating survival difference between clusters based on collection from
distant metastatic or regional lymph node site. Panel B. Kaplan-Meier curve demonstrating survival
difference between clusters based on collection from primary tumor or regional skin or soft tissue

site.

Figure 3. Panel A. Kaplan-Meier curve displayingoverall survival that demonstrates no difference
between cluster one (Lymphocyte:Monocyteratio Low and M0-enriched) and the remaining
clusters (grouped) for patientsin whom the tissuesite sequenced was a distant metastasis or
regional lymphnode (HR 0.9919,95% CI 0.6145-1.601, p=0.974). Panel B. Kaplan-Meier curve
displayingoverall survival that demonstrates a significant difference between cluster one
(Lymphocyte:Monocyte ratio Low and M0-enriched) and the remaining clusters (grouped) for
patientsin whom the tissuesitesequenced was a distant metastasis or regional lymphnode. Cluster
one demonstrated a poorer prognosis (HR 2.804,95% CI 1.262 — 6.234,p =0.0114).

Figure 4. Multivariable cox regression analysis demonstrating theindependent prognostic value of
important clinical and genetic factors, including gender, age, stage, Breslow depth, BRAF status and
cluster designation. Cluster 1 was independently prognosticof overall survival (HR 3.02, 95% CI
1.30-7.02,p =0.01).
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Table 1 (Demographics)

Cluster 1 Cluster 2 Cluster 3 Cluster 4
(N=85) (N =116) (N =101) (N =26)
i\g(:zr)l Age at Diagnosis 54 57 57 58
Gender
Male 50 62 57 18
Fermale 35 54 44 8
Site of Primary Tumor
Trunk 45 58 59 11
Extremities 31 41 36 12
Head and Neck 7 13 1 3
Other 2 4 3
Specimen Site
Primary Tumor 9 13 14
Regional Skin or Soft Tissue 18 20 12
Regional Lymph Node 38 39 66 18
Distant Metastasis 13 13 8 2
Not Recorded 5 0 1 0
Median Follow Up (Days) 1060 1010 1136 1133

Table 2: ICB response, Clinical, and Molecular Characteristics

Cluster One Cluster Two Cluster Three Cluster Four

(n=85) (n=116) (n=101) (n=26)

BRAF (%) 64 51 44 44
NF1 (%) 19 16 16 4

RAS (%) 21 34 31 27
TMB 457 482 399 299
Necrosis (%)* 5.8 2.7 3.2 0.8
Tumor Content (%)** 87 84 85 82
Lymphocyte Score*** 22 2.8 3 39
Breslow Depth Median 4.5 3 3.2 25
Any Metastatic Disease (%) 51 40 41 42
Metastatic Recurrence (%) 42 34 35 38
TIDE ICB Response (%) 19 34 35 27

TIDE Raw Score 0.54 0.24 -0.6 0.35
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IFNG response Score -0.27 0.06
MSI Score 0.41 0.54
CD274 Score 0.06 0.03
T Cell Dysfunction -0.15 -0.17

0.05
0.49
-0.03
-0.06

16 of16

0.52
0.51
0.05
0.62

*Continuous variables arereported as median values, except for necrosis, reported as a mean

value

**Tumor content represents percentage of malignant cells in the tumor sample

**Lymphocytescore is reported as calculated by the TCGA study group

Table demonstrating the molecular landscape, clinical factors, and markers of immune response by

cluster in The Cancer Genome Atlas. Abbreviations: TMB, Tumor Mutational Burden; TIDE, TIDE,

Tumor Immune Dysfunction and Exclusion; ICB, Inmune Checkpoint Blockade; IFNG, Interferon

Gamma; MSI, Microsatellite Instability.
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